Abstract: We investigate the interplay of two qualitatively different localization mechanisms: Bloch oscillations and Anderson localization in a system of weakly-coupled optical waveguides. Time-independent potentials, which frustrate transport and lead to localization of an evolving wave packet, are under investigation in many areas of physics. Probably the most prominent phenomena that tend to suppress wave transport are Bloch oscillations and Anderson localization. Both effects rely on the transformation of the infinitely extended wave packet into a spatially localized (either oscillating or stationary) mode but the underlying mechanisms are completely different. Whereas Bloch oscillation -that is an electron undergoes localized oscillations in a periodic lattice -arise in the presence of an external constant electric field [1]; Anderson localization appear in disordered potentials [2] . Beside many fields like solid-state physics, acoustics or physics of microwaves, Bloch oscillation and Anderson localization are observed in optics where in particular optical waveguide arrays are used in order to analyze the transport properties of a propagating wave packet [3, 4] . In our work, we address the interplay between these two qualitatively very different localization scenarios. Therefore we utilize arrays of evanescently coupled waveguides. We emphasize that the effect of disorder on Bloch oscillations was never analyzed before for the discrete light diffraction scenario. In contrast to recent works [5, 6] we present the first direct observation on the destruction of Bloch oscillations and gradual transition to Anderson localization. In order to describe Bloch-Anderson transition we consider light propagation in a waveguide array with a linear refractive index gradient and randomized refractive indices of individual guides. This system is adequately modeled by a Schrödinger equation for the field amplitude ψ,
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Here, x and z are the (dimensionless) transverse and longitudinal coordinates, normalized to the characteristic width and diffraction length, respectively. The super-Gaussian refractive index profile of the array is described by
with waveguides widths w, separation d and individual refractive index of each guide n j . The refractive index gradient is described by α and a on-disorder disorder results from a random fluctuation of the
where n 0 is the averaged refractive index and n d determines the degree of so-called diagonal disorder. In order to characterize the output light distribution, we calculate the statistically averaged
2 , the integral beam center, the variance and the inverse form-factor (characterizing the width of the wave packet). We run numerical simulations for several amounts of n d and different values of α to investigate the dependencies of the quantities σ av and x av on those parameters. In our experiments, we employ curved waveguide arrays in order to realize a transverse linear refractive index gradient [3] . These arrays were fabricated in fused silica using the direct laser-writing technology. The disorder was introduced by applying a random writing velocity during the writing process,
with v 0 = 100 mm/min as the mean value and v d as an experimentally control parameter for the disorder level. The light evolution in samples was monitored by a fluorescence microscopy technique [7] . This approach opens a direct view on the wave packet evolution in our Bloch-Anderson potentials. With respect to the statistical nature of Anderson localization, we averaged intensity distributions over an ensemble of 20 random samples written with the fixed disorder level v d . A showcase of the light dynamics for a broad excitation in our sample with length L = 100 mm is depicted in Fig.1 .
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The curvature radius R = 1120 mm, yielding a Bloch period of z B = 38 mm. Note, that in the ordered system (v d = 0 mm/min) conventional Bloch oscillations occur and the output intensity distribution at the end facet of the sample is always symmetric, but shifted due to the oscillations -see Fig.1(a) . When increasing the disorder (v d = 14 mm/min), the Bloch oscillations are partially washed out and the dynamic intensity distribution approaches a static distribution, as in the case with a narrow excitation. However, now the profile is shifted and, moreover, asymmetric, which is the signature of hybrid Bloch-Anderson localization. This is clearly visible in Fig.1(b) . For stronger disorder v d = 28 mm/min the output pattern is still asymmetric, and the Anderson localization starts dominating the Bloch oscillation -see Fig.1(c) . Note that the transition of the averaged intensity distribution from an asymmetric distribution (Bloch regime) to an exponentially localized wave packet for growing disorder strength that is a significant fingerprint of the hybrid Bloch-Anderson transport -see Fig.2 . In conclusion, we observed the gradual transition between two qualitatively different localization scenarios -Bloch oscillations and Anderson localization. We identified a new localization regime for broad excitations, where disorder results in the formation of asymmetric averaged intensity distributions. For our experiments we use an optical system. However, our findings are general, as clearly evident by the analogy between the quantum Schrödinger equation and the paraxial wave equation.
